To examine the impact of positive surgical margin (PSM) laterality on failure after radical prostatectomy (RP). A PSM can influence local recurrence and outcomes after salvage radiation. Unlike intrinsic risk factors, a PSM is caused by intervention and thus iatrogenic failures may be elucidated by analyzing margin laterality as surgical approach is itself lateralized.
A bout one fourth of the patients will experience recurrence after radical prostatectomy (RP). 1 For those with local recurrence, radiation therapy (RT) is the only curative treatment option available. Known factors associated with postoperative biochemical failure include initial preoperative PSA, pathologic T-stage, Gleason score, and positive surgical margins (PSMs). [2] [3] [4] [5] Of these, the only factor not intrinsic to the disease is margin status, which is iatrogenic and thus potentially preventable.
Patients with positive margins are at such high risk for failure that adjuvant radiation is often indicated to prevent progression. Three randomized trials have shown that when compared with observation, immediate postoperative adjuvant RT reduces the risk of biochemical relapse (BCR) in high-risk patients (defined as positive margins or extracapsular disease) [6] [7] [8] and yields an overall survival benefit. 7 Subgroup analysis of the EORTC trial showed that the benefit from adjuvant radiation was primarily to patients with a positive margin. 9 By definition, a positive margin is iatrogenic as it is introduced by surgical intervention. The fact that only about half of positive margins will experience BCR within 5 years highlights that the risk of relapse involves additional factors. 10 Various retrospective studies have shown higher relapse rates with positive margins at the apex, 11 the bladder neck, 11 that are multifocal, 12 or which are long. 13 The surgical canon has extensively analyzed positive margins to ultimately better understand how to minimize them. In 1998, a comprehensive review of the open RP literature reported overall margin-positive rates of 28%, with a range from 0% to 77%. 14 More contemporary series report reduced rates of PSMs due to preoperative imaging, surgical techniques to avoid inadvertent penetration of the prostatic capsule, and frozen-section analysis. 15 Overall, open versus laparoscopic approaches do not seem to influence the likelihood of positive margins or their progression. 11, 16, 17 Although outcomes with various approaches may be comparable, the experience and technique of the surgeon greatly affects the rate of PSMs. 18 We hypothesized that the inherent unilaterality of the physician-patient position during surgery relates to margin positivity and therefore provide an additional explanation, and possible novel solution, to this phenomenon. We aimed to analyze the natural history and behavior of PSMs on biochemical recurrence and its relationship to known risk factors for relapse.
PATIENTS AND METHODS

Patient Selection
Following Institutional Review Board approval, a review of the entire surgical database of RP patients between 1991 and 2013 identified 226 patients with PSMs. Data represents outcomes from the operations of 37 surgeons, with 61% (138/226) of the data coming from only 2 urologists (1 open retropubic surgeon with over 25 y and 1 robotic surgeon with over 10 y of experience). Patients with positive lymph nodes, those who received neoadjuvant or adjuvant ADT and those who received immediate postoperative adjuvant RT were excluded. Surgeons were interviewed, operative reports were reviewed, and data collected included preoperative PSA, surgical pathology (Tstage, Gleason grade, margin location, margin focality, margin laterality), and postoperative PSA. The mean follow-up after prostatectomy was 67 months (median, 47 mo). Ninety-two patients were treated with salvage radiation therapy (SRT) (72 Gy/40 fractions) in our department from January 2009 to December 2013. Failure after SRT was defined as any PSA > the presalvage value, or PSAZ0.2 ng/mL. The mean followup after salvage radiation was 47 months (median, 33 mo).
PSA Follow-up
Only patients with PSA follow-up were included in the analysis. Ultrasensitive PSA was introduced in 2000, with a reported threshold at 0.01 ng/mL. Our institution favors an early salvage strategy of tracking postoperative ultrasensitive PSA and referring to radiation oncology with elevated or rising PSA values. First postoperative PSA was at a median time of 3 months and typically followed every 3 months for the first 2 years thereafter. The median follow-up was 47 months. For the purpose of analysis, BCR after RP was defined as PSAZ0.1 ng/mL or 2 consecutive rises above nadir. BCR after SRT was defined as any PSA measurement greater than the presalvage PSA, or PSAZ0.2 ng/mL. Patients were censored at last follow-up or at the time of adjuvant therapy (radiotherapy or androgen deprivation). There were no known deaths in this cohort at the time of last follow-up.
Statistical Analysis
The primary end point of this study was BCR after RP or after salvage RT. Progression-free survival (PFS) was estimated using the Kaplan-Meier method, calculated from the date of surgery. Differences between groups were determined by the log-rank test. Frequency comparisons of various risk factors (stratified by margin laterality) were evaluated by the w 2 test. Multivariate Cox proportional hazards regression modeling was used to examine whether laterality predicted BCR, adjusting for clinicopathologic factors (iPSA, pathologic T-stage, Gleason sum, and surgical approach). Probability values <0.05 were considered statistically significant.
RESULTS
Characteristics of the study patients are listed in Table 1 . The majority of patients had organ-confined disease (pT2) and thus most positive margins were iatrogenic (58%). For the entire cohort, the 5-year biochemical PFS rate was 35% and the median time to BCR was 24 months. Given the expected higher relapse rates with our more sensitive definition of BCR of PSAZ0.1, the validity of the cohort was confirmed by analyzing progression rates with a conventional BCR value of PSAZ0.2 ng/mL that were comparable with historical controls.
The median time to BCR is stratified by margin laterality (Fig. 1) . Right-sided margins were more likely to relapse than left-sided margins (5-year BCR-free survival right 30% vs. left 49%, P < 0.01), and at earlier times (median time to relapse, right 20 mo vs. left 51 mo). There were no significant differences between margin laterality and any other risk features (Table 1) .
We then compared margin laterality with traditional risk factors used to predict biochemical PFS. On univariate independently predicted biochemical failure, whereas leftsided margins were significantly less likely to progress compared with right (HR, 0.6). In other words, right-sided margins were an independent risk factor for biochemical failure (HR, 1.7; P = 0.04). It is rather interesting to note that about twice as many right-sided positive margin patients were referred to Radiation Oncology for salvage RT as compared with left sided (55% vs. 23%, Table 3 ), in accord with the observed predominance and earlier failure of right-sided positive margins. Given that laterality appeared to be an independent risk factor for biochemical progression, we aimed to determine if it also affected the success of SRT (Table 3) . Factors significantly associated with PFS after salvage RT included: laterality (median PFS, 61 mo right vs. left 53 mo vs. bilateral 24 mo; P = 0.02), Tstage (median PFS, 92 mo organ confined vs. 32 mo extraprostatic disease; P < 0.01), and presalvage RT (median PFS, 42 mo if presalvage PSAZ0.2 vs. not reached if presalvage PSA < 0.2; P = 0.02). On multivariate analysis only T-stage (HR, 3.5; P < 0.01) and presalvage RT PSA (HR, 2.6; P = 0.02) remained significant.
DISCUSSION
Our study identified margin laterality as an independent risk factor for biochemical recurrence after RP. Right-sided margins were more likely to relapse, and to relapse earlier, than left-sided margins. The behavior of right-sided margins was not associated with increased incidence, surgical expertise, or intrinsic high-risk factors (T-stage, PSA, or Gleason grade). As a positive margin is produced by surgery it is naturally related to that intervention, and surgical technique is lateralized. With the open procedure, the surgeon stands on one side of the patient (and stays on that side) to perform all aspects of the resection in a lateralized manner (dissecting tissue planes, nodal evaluation, neurovascular tissue mobilization). Although robotic approaches place the robot in midline, the dissection is also lateralized. Interviews with both open and laparoscopic surgeons revealed slight differences in technique between surgical approach and urologists, but mobilization of the prostate tended to consistently begin on the right side first. Although right-sided margins were not more common, they were more likely to fail and do so earlier, identifying a suboptimal technique on that side.
With the increased risk of progression of right-sided margins, it is not surprising that the majority of patients referred for salvage radiation indeed have positive margins lateralized to the right (55% right, 23% left, 22% bilateral). They were, however, equally successfully salvaged with RT. So while patients with right-sided margins need not necessarily be radiated sooner than left-sided margins, they should perhaps have closer interval follow-up in light of their increased risk of relapse. As shown in Table 3 , early initiation of salvage RT at PSA < 0.2 has notably better success than delayed salvage, so it would be prudent to follow higher risk patients more closely to optimize their outcomes.
RP provides excellent long-term prostate cancer-specific survival, 19 but about one fourth of patients will eventually fail. 1 Positive margins after RP are an obvious risk factor for local recurrence, and often an indication for adjuvant radiation. Modern series report positive margin rates of 13.5%, 16.3%, and 22.8% for robotic, laparoscopic, and open approaches, respectively. 20 Not all positive margins, however, will progress to biochemical failure. Attempts to prevent positive margins have been successful, with rates and locations of positive margins having been shown to improve with changes in surgical technique. 21, 22 FIGURE 1. Kaplan-Meier biochemical recurrence-free survival rates after radical prostatectomy, as stratified by the laterality of positive margins. Prior studies have examined how techniques like nervesparing might affect the incidence of positive margins, 16 but margin laterality itself has not been explored. The vast majority of prostate cancers (up to 70%) are bilateral, and thus positive margin laterality is unlikely to be caused by tumor laterality. 23 The majority of cases in the present study were iatrogenic (pT2), suggesting that suboptimal surgical technique impacts lateralized margins.
The surgical literature reports that approximately half of the patients with positive margins experience progression within 5 years. 10, 24 A multi-institutional prostate cancerspecific mortality nomogram does not include margin status as it was not seen to influence outcome. 25, 26 Another study showed that time to metastatic disease, castrate-resistant disease, prostate cancer-specific mortality, or all-cause mortality did not differ significantly between patients with negative or positive margins. 12 In contrast, a SEER analysis revealed that PSMs were an independent predictor of prostate cancerspecific mortality on multivariate analysis (HR, 1.7). 27 Mixed results for these clinical endpoints reflect the fact that positive margins themselves are heterogenous with a spectrum of potential outcomes.
In addition to its retrospective single-institution nature, limitations of the present study include the dependence of a PSA-based measure to define recurrence and insufficient follow-up to determine whether earlier detection of BCR translates into better salvage outcomes or improved distant metastatic and overall survival outcomes. We can state that our data are representative as our 5-year BCR-free survival rate (55%) is identical to other series, including the adjuvant RT trials. [6] [7] [8] Whether immediate adjuvant RT is beneficial versus salvage radiation at the earliest confirmation of biochemical failure will be addressed in 3 open randomized trials: RADICALS, GETUG-17, and RAVES. [28] [29] [30] However, the data suggest that positive margins progress at different rates, and some might be more or less likely to benefit from adjuvant radiation. This was clearly shown in the subgroup analysis of the EORTC trial concluding that the benefit from adjuvant radiation was primarily to patients with a positive margin. 9 
CONCLUSIONS
Most positive margins were iatrogenic, consistent with the limitations of the surgical technique, and thus it is quite possible that a simple change in the lateral surgical approach can affect surgical margins. Consideration could be made for the surgeon to move during the operation, to mobilize the prostate from different anatomic perspectives, or perhaps an extra margin should be taken from the side that was mobilized first. Margin laterality is a heretofore unrecognized independent risk factor for progression and changes in surgical methods might help reduce the quality or quantity of lateralized margins, which might ultimately decrease biochemical failure rates. 
